We demonstrate Anderson localization of visible light in silicon nitride photonic crystal waveguides. We measure photoluminescence resonances due to disorder-induced light localization showing
Introduction
Confining light in optical cavities is of tremendous interest for a variety of applications, spanning from the investigation of fundamental light-matter interactions to applications in sensing, imaging and quantum information technology . The development of efficient optical cavities operating at visible wavelengths is particularly important for the study of cavity quantum electrodynamics effects with defect centers in diamond and twomaterials, and to control and boost the emission dynamics of organic molecules and colloidal quantum dots. 
Discussion of the results
We carry out micro-photoluminescence measurements of silicon nitride photonic crystal waveguides in which disorder is introduced by perturbing, with respect to the perfectly periodic structure, to the waveguide channel (see Fig. a . The displacement distances are obtained from a Gaussian distribution with a ge -of the photonic crystal lattice parameter. We apply a nanoscale imaging technique [5 irectly image the confined optical modes, by illuminating the sample with a wideplying charge coupled device Even though the position where the cavities appear is not controlled, given the multiple scattering process at the basis of their formation, we are able to locate with nanometer-scale accuracy the position of the optical cavities. This is important for the deterministic coupling of emitters to the disorder-induced optical cavities and for assessing the far-(see right panels .
Scanning electron micrograph of a suspended photonic crystal waveguide where disorder is introduced by displacing the three rows of holes on either side of the waveguide.
Photoluminescence images of the emission from waveguides with different degrees of disorder ( room temperature, under -s of sections highlighted Using a laser emitting nm, selected optical cavities are addressed individually and the confined light is characterized using a grating spectrometer. We observe sharp spectral resonances in the photoluminescence spectra -, a signature of light confinement, and a distribution of confined wavelengths and quality factors (see inset of Fig. e , that follows the log--localized regime. We study the dependence of the quality factor of the resonances as a function of an increasing amount of disorder and observe a decrease in the measured quality factors (see Fig. b . This trend increase of the out-of-plane scattering that results in greater losses when more disorder is present. For the lowest degrees of disorder, including samples where no intentional disorder is introduced , we measure quality factors 3 (see Fig.  a . These results prove that using disorder as a resource can provide quality in the light that of engineered photonic crystal cavities.
photoluminescence spectra, showing Anderson-localized e of Anderson-localized cavities as a function of anels (a-
Conclusions
We have provided the first demonstration of Anderson localization of visible light on a nanophotonic chip, and, by means of photoluminescence imaging, we have visualized the confined optical modes on the position of the optical cavities, due to the multiple scattering process fundamental to the formation of the disorder-induced localized modes, we have shown that once the devices are fabricated, our technique allows the location of the optical cavities with nanometer accuracy. This represents an important step toward the deterministic addressing of disordered photonic cavities. Photoluminescence imaging also allows the farlocalized modes to be , an important parameter in characterizing light localization.
The spectral characterization of the disorder-induced localized modes in our nanophotonic devices has revealed confinements with record quality factors reaching ~ for the first time, to our knowledge, the quality of disorderof engineered two-dimensional photonic crystal cavities.
fundamental research in lightvisible range, such as colloidal quantum dots, and defect centers in two-dimensional materials and in diamond.
